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THE -z
HUMAN
GENOME !

From the Nature paper:

The next steps:

Developing the IGI (integrated gene index) and IPI
(integrated protein index)

Large-scale identification of regulatory regions
Sequencing of additional large genomes
Completing the catalogue of human variation

From sequence to function
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Disease Gene Distance
Campomelic displasia SOX9 850kb
Aniridia PAX6 125kb
X-Linked Deafness POU3F4 900kb
Saethre-Chotzen syndrome TWIST 250kb
Rieger syndrome PITX2 90kb
Split hand/split foot SHFM1 450kb

malformation




Background

Evolution can help!

In general, functionally important sequences are

conserved l

Conserved sequences are functionally important

Raw sequence can help in finding biological function

Comparison of 1196 orthologous genes
(Makalowski et al., 1996)

* Sequence identity:

- exons: 84.6%
- protein: 85.4%
- introns: 35%

5" UTRs: 67 %
3' UTRs: 69%

+ 27 proteins were 100% identical

Integrating data into more powerful gene prediction
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Comparing sequences of different organisms

* Helps in gene predictions
* Helps in understanding evolution

+ Conserved between species non-coding sequences
are reliable guides to regulatory elements

- Differences between evolutionary closely related
sequences help to discover gene functions

Sequence comparisons. How?

Three variations:

Find the best OVERALL alignment.
Global alignment

Find ALL regions of similarity.
Local alignment

Find the BEST region of similarity.

Optimal local alignment




Local alignment algorithms are designed to search for highly
similar regions in two sequences that may not be highly similar in
their entirety. The algorithm works by first finding very short
common segments between the input sequence and database
sequences, and then expanding out the matching regions as far as
possible.

I
For cross-species comparison one needs to accurately align fwo
complete sequences. It is insufficient to find common similar
regions in the two sequences, rather, what is needed is a global map
specifying how the two sequences fit together, much like
understanding how the pieces in a puzzle connect up with each
other.

This problem is called global alignment

Local vs global alignment
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Challenges in aligning long genomic
regions

* Long sequences lead to memory problems

+  Speed becomes an issue

* Long alignments are very sensitive to parameters

+ Draft sequences present a nontrivial problem

* Accuracy is difficult o measure and to achieve

+ Scaling up to the size of whole genomes

= Sequence at different stages of completion, difficult to compare

E===)>  Pqgrtial Assemblies
Whole genome shotgun

Finished BACs

http:// www-gsd.lbl.gov/ vista

LW \]IS UALIZATION "|"001_s FOR ALIGNMENTS
” a ‘ “ WELCOME to the homepage for VISTA, Visualization Tool for Algnmerts

Vista is an integrated computational system for global alignmert and visualization,
USE Y/1s1a on the WEB designes for compartive genomics. | allows 1or the visualization of long
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Modules of VISTA:

* Program for global alignment of DNA
fragments of any length (AVID)

* Visualization of alignment and various
sequence features for any number of
species

+ Evaluation and retrieval of all regions with
predefined levels of conservation

Visualization
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Window of length L is centered at a particular nucleotide in
the base sequence

Percent of identical nucleotides in L positions of the alignment
is calculated and plotted

Move to the next nucleotide




Finding conserved regions with
percentage and length cutoffs

Conserved segments with percent identity X and
length Y - regions in which every contiguous
subsegment of length Y was at least X% identical
to its paired sequence. These segments are
merged to define the conserved regions.

Output:

11054 - 11156 = 103bp at 77.670%  NONCODING
13241 - 13453 = 213bp at 87.793%  EXON

14698 - 14822 = 125bp at 84.800%  EXON

VISTA input files

Annotation for a base
sequence if available

Sequences




VISTA output files

All pair wise aliinmen‘rs
The lists of conserved reiions

VISTA plot
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http://www-gsd.Ibl.gov/vista
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> 27000 queries on-line, distributed > 1100 copies of the program in
47 countries.

After VISTA publications at the end of 2000:

~60 papers cited VISTA and presented results obtained with the program

Biological story

Discovering Interleukin Expression Switch

Loots GG, Locksley RM, Blankespoor CM, Wang ZE, Miller W, Rubin
EM, Frazer KA. Idenftification of a coordinate regulator of
interleukins 4, 13, and 5 by cross-species sequence comparisons.

Science. 2000 Apr 7;288(5463):136-40.
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Present in other species: Cow (86%), Dog (81%), Rabbit (73%)
Genomic position conserved in human, mouse, dog, baboon

Single copy in the human genome. Two hypersensitive sites mapped.

Functional Analysis of CNS1

Generate Human 5931 YAC Transgenic Mice
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Human IL 4 Production in YAC Transgenics
Containing and Lacking CNS1

IL-5 & IL13 Expression is also reduced in CNS-19! mice
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Results obtained with VISTA

J Mol Cell Cardiol 34, 1345-1356 (2002)
Myocardin: A Component of a Molecular Switch for Smooth Muscle
Differentiation. J. Chen, C. M. Kitchen, J. W. Streb and J. M. Miano

University of Oxford

VSTA used to solve the gene structures of rat and human myocardin.
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Gene 293, 33-46 (2002)
Molecular characterization of the murine SIGNR1 gene encoding

a C-type lectin homologous to human DC-SIGN and DC-SIGNR

S. A. Parent, T. Zhang, 6. Chrebet, J. A. Clemas, D. J. Figueroa, B. Ky, R. A. Blevins,
C. P. Austin and H. Rosen
Mere 2 TR e e iiixsTl
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Blood, 100, 3450-3456 (2002)
Deletion of the mouse a -globin regulatory element (HS 26) has an

unexpectedly mild phenotype
E. Anguita, J. A. Sharpe, J. A. Sloane-Stanley, C. Tufarelli, D. R. Higgs, and W. 6. Wood
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(HS 40) is necessary for high-level expression of the a-globin genes. A similar
element in the mouse (mHS 26) supposedly has similar functional properties.

Knock out mHS26 instead of the expected severe a -thalassemia phenotype,
produce the mice with a mild disease. These results may indicate differences in the
regulation of the a -globin clusters in mice and humans.

Genome Research 11, 78 (2001)

Human and Mouse - Synuclein Genes: Comparative Genomic Sequence Analysis
and Identification of a Novel Gene Regulatory Element

J. W. Touchman, et al.

NIH Intramural Sequencing Center, National Institutes of Health

Syt
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EMBO reports 4:143 (2003)
The kangaroo genome. Leaps and bounds in comparative genomics
M. J. Wakefield and J. A. Marshall Graves

Research School of Biological Sciences, The Australian National University,
Canberra, ACT 0200, Australia

"The kangaroo genome is a rich and unique resource for comparative genomics,
a treasure trove of comparative genomics data’.
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Phylogenetic footprinting of 3' untranslated region of the SLC16A2 gene

Multi-Species Comparative Analysis (VISTA)
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VISTA family of tools

http://www-gsd.Ibl.gov/vista

* VISTA - comparing DNA of multiple
organisms

+ for 3 species - analyzing cutoffs to define
actively conserved non-coding sequences

* cVISTA - comparing two closely related
species

* rVISTA - requlatory VISTA

Identifying non-coding sequences (CNSs)
involved in transcriptional regulation

mmp Gene
Transcription
Factor
s
Z
/////////////////////////// VI
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rVISTA - prediction of transcription
factor binding sites

* Simultaneous searches of the major transcription
factor binding site database (Transfac) and the
use of global sequence alignment to sieve through
the data

+ Combination of database searches  with
comparative sequence analysis reduces the
number of predicted transcription factor binding
sites by several orders of magnitude

Regulatory VISTA (rVISTA)

1. Identify potential transcription factor binding sites for
each sequence using library of matrices (TRANSFAC)

2. Identify aligned sites using VISTA
3. Identify conserved sites using dynamic shifting window

Percentage of conserved sites of the total 3-5%

Ikaros-2 lkaros-2 NFAT Ikaros-2

Human TGATTTCTCGGCAGCAAGGGAGGGCCCCATGACAAAGCCATTTGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCTGTCTCTCCCTTC!
Mouse TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCACTCGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCTCTCTCTTCCTCC
Dog TGATTTCTCGGCAGCAAGGGAGGGCCCCATGACGAAGCCATTTGAAATCCCAGAAGCGATTTTCTACCTACGACCTCACTTTCTGTTGCGCTCACTCCCTTCC|
Rat TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCACTCGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGTTCTCTCTTCCTCCCO
Cow TGATTTCTCGGCAGCCAGGGAGGGCCCCATGACGAAGCCATTTGAAATCCCAGAAGCAATTTTCTACTTACGACCTCACTTTCTGTTGCGTTCTCTCCCTTCC
Rabbit TGATTTCTCGGCAGCCAGGGAGGGCCCCACGAC-AAGCCATTCAAAATCCCAGAAGTGATTTTCTACTTACGACCTCACTTTCTGTTG----CTCTCTCCTTCCCT]

I ———— I — . B

<+ —>

20 bp dynamic
shifting window
>80% ID




~1 Meg region, 5q31

1

Coding  Noncoding

Human interval Transfac predictions for GATA sites 839 20654

1

Aligned with the same predicted site in the mouse seq. 450 2618

Alligned sites conserved at 80% / 24 bp dynamic window 303 731

0

Random DNA sequence of the same length 292800

2 Exp. Verified GATA-3 Sites

|

GATA-3(28) |
GATA-3 Conserved (4);

IL 5

20



Choose Families to Visualize
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Sequence motif recognition
4=

multiple sequence alignment of syntenic
reg'fns,

a high throughput strategy for filtering and
prioritizing putativg DNA binding sites

genomically informed starting place for
globally investigating detailed regulation

Main features of VISTA

* Clear , configurable output

« Ability to visualize several global
alignments on the same scale

+ Alignments up to several megabases
* Working with finished and draft sequences

 Available source code and WEB site
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Reviews on comparative genomics

Hardison RC. 2000. Conserved noncoding sequences are reliable
guides to regulatory elements. Trends Genet. 16: 369-72.

Frazer, K.A, Elnitski, L., Church, D.M., Dubchak, I., and Hardison,
R.C.. Cross-species Sequence Comparisons: A Review of Methods
and Available Resources. (2003) Genome Res., 2003 Jan;13(1):1-12.

Pennacchio LA, Rubin EM. Genomic strategies to identify mammalian
regulatory sequences. Nat Rev Genet, 2001; 2:100-9.

Wei, L., Liu, I., Dubchak, I. Shon, J., and Park, J. Comparative
genomics approaches to  study organism similarities and
differences. J Biomed Inform.(2002) 35:142-50.

VISTA publications

I. Dubchak, M. Brudno, L.S. Pachter, 6.6. Loots, C. Mayor, E. M.
Rubin, K. A. Frazer. (2000) Active conservation of noncoding
sequences revealed by 3-way species comparisons. Genome Res.,
10: 1304-1306.

C. Mayor, M. Brudno, J. R. Schwartz, A. Poliakov, E. M. Rubin, K. A.
Frazer, Lior S. Pachter, I. Dubchak. (2000) VISTA: Visualizing
global DNA sequence alignments of arbitrary length.
Bioinformatics, 16: 1046-1047.

Bray, N., Dubchak, I., and Pachter, L. AVID: A Global Alignment
Program. (2003) Genome Res. 2003 Jan;13(1):97-102.

G. 6. Loots, I. Ovcharenko, L. Pachter, I. Dubchak and E. M. Rubin.
(2002) Comparative sequence-based approach to high-throughput

discovery of functional regulatory elements. Genome Res.,
12:832-839
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What if you don't have sequences of different species for
the genomic region of your interest?

Are there publicly available comparative genomics data?
Large scale VISTA applications:

The Berkeley Genome Pipeline - comparing complete
genomes
http://pipeline.lbl.gov

Cardiovascular comparative genomics database
http://pga.lbl.gov

Development of automatic computational system
for comparative analysis of whole genomes

2001 - Whole mouse genome assemblies became available
Human genome - high quality draft

Precomputed alignments:

Human Genome (Golden Path Assembly)

against

Mouse assemblies: Arachne, Phusion (2001) MGSC v3 (2002)
Rat assemblies: January 2003, February 2003

D.Melanogaster vs D.Pseudoobscura February 2003

24



Chromosome Comparison

T2 3 a4 5 & 7 8 9 10 11 12
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Human

Mouse

v

Base pair alignment

247 GGTGAGGTCGAGGACCCTGCA CGGAGCTGTATGGAGGGCA AGAGC

I: I O I I I I I I I e Y B I O B R [H===1111
368 GAGTCGGGGGAGGGGGCTGCTGTTGGCTCTGGACAGCTTGCATTGAGAGG

Main modules of the system

Mapping and alignment of mouse contigs
against the human genome

Visualization Analysis of conservation
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Tandem Local/Global Alignment Approach

Sequence fragment anchoring (DNA and/or translated BLAT)
Multi-step verification of potential regions using global alignment
(AVID or LAGAN)

LOCAL ALIGNMENT HITS

I query contig 1575eE88a] 157550068] S EEECEE 15795a00a]
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Tandem approach in comparison with local alignment

Better specificity while preserving good sensitivity
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Apolipoprotein(a) region. The expressed gene is confined to a subset of
primates. Our method predicts that apoa(a) has no homology in the mouse
that local alignment can't detect.
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VISTA Browser

Preprocessed whole genome comparison for
pairs of species (human/mouse/rat & drosophilas)

NOM

Compare the Human and Mouse Genomes

VIST A BROWSER

Please enter a gene name or a position (&g chrdZ1-100000) on

SENOMEVITA the Human Genome and press the "Go" button:
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Text browser
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ABCALl interval in UCSC human genome
browser

UCSC Genome Browser on Human Nov. 2002 Freeze
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GenomeVista - is an interactive for comparing
your favorite sequence against the base genome

WISTA BROWSER

SOFTWARE

LINKES

CONTACT INFO

GENOMEVISTA

Base genome Dataset Position

NOME PIP

Compare the Human and Mouse Genomes

Please enter a gene name or a postion (e.g. chr2:1-100000) on
the Human Genome and press the "Geo" button:

[HumanNov.zonz =] [wmGsowd =] |aBcadl o

. . |hg13) vs Mouse Genome Sequencing Consortium, NGSCv3
Description: rg ! & o

ov. Z00Z Human Genome Assembly, NCEI build 31 (ICSC:

(UCSC: mmz )

http://pipeline.lbl.gov/

GenomeVISTA

Self-Input Sequence Comparison to either Human,
Mouse, Rat, D.Melanogaster Reference Genomes

http://pipeline.lbl.gov/
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GenomeVISTA

Random Opposum

BAC versus Human Genome
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| S| | )
Zoom out 2x | Zoom in 2x ﬂ 75%
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ene
Chromosome. 7 ,: 115725k 115727k 115729k 115731k 115733k 115735k 115737k 115739k 115741k 115743k
Start| 115704000 e CFTR - _ _
100%
End 1115785500
75%
UCSC Browser M
Contig Details | h Al 1 I Ll AM.. | YPRY |
Settings... 115745k 115747k 115749k 115751k 115753k 115755k 115757k 115759k 115761k 115763k 115765k
Reload| Help = & = CFTR P S g — . =
100%
75%
ﬁ 1 Ay i wily J'\h 0
115766k 115768k 115770k 115772k 115774k 115776k 115778k 115780k 115782k 115784k

—~gene
iR s e = CETTE s o -
&8 100%
Hbasssen
e
13 overtap e
NE
I
117057k 11708k LL7G6ik  137B63k  LL7BeSk 117067k 117065k Li707ik 117673k
. G sz
Pointer AT 117075023 i | e
Contig: AC130185-4
=<| < | > |>>]
Toomout] Zoom in s
Ll y 2
crvommornl G A S T7herk  aizbeek  iirdeix
117056595 - ; T L Ee
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Tivizrzes
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VistaTrack M {\ A'ﬂ
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Settings... Ti7oszk 117094k 117838k 117038k 117100k 117102k 117104k 117106k 117108k
Reload| Help _— 77 - —— -
= 100%
255
- L = - F
117310k a173azk  iiviiak | 1i7iiek  iiziisk | 117320k aizizak | pizizak  iavizek
location on human
user que conti EHEtasend
query 'a get DNA sequence matches
AC130185 platypus repeats masked number of
RefSeq covered (if any) matches
Conserved = 70% cons over 100bp
AC130185-4 chi 17056599-117076707
DNA DNA RM RefSe o s
Srea alignment
sequence total length = 35423bp Conserved Regions 5505 Reis
aligned: between 5997-24063 length=20109bp
(18067bp)
AC130185-5 chr: 17095537-117127263
DNA DNA RM RefSeq alignment
= alignment
sequence total length = 37422bp Conserved Regions 8980 ista

aligned: between 5100-26725
(21626bp)

length=31727bp

Results of an on-line submission of a draft unannotated platypus sequence
AC130185 to Genome Vista.The gene has been correctly identified.
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Comparative analysis of genomic intervals
containing important cardiovascular genes
http://pga.lbl.gov

- berkeley P (A
: Ei&;’; & NEWS OVERVEW TOOLS DATA RESEARCHERS OTHERPGA's  EDUCATION
‘}.ﬁ,’ Comparative Genomic Analysis of Cardiovascular Gene Regulation
The central goal of this PGA is to use a comparative genomic approach first to
s identify, and then to determine the function of elements regulating the
T expression of genes affecting the cardiovascular system.
A
N
F
0 VISTA comparative genomics analysis. Subrmit your seguences.
R
bl
L
B
N
L
CVCGD database of cardiovascular genes. Find a gene
http:// Ibl.gov/cvcgd.html
p://pga.ibl.go ga.
berkeley

Cardiovascular Comparative Genomic Database (CVCED)

This database includes well-studied CV genes, for which an understanding of ragulation should
provide insights into CY relevant biolagical issues. While only a fraction of these genes will be
characterized in the PGA biological projects over the 4-year time period of this prograr, the
sequence of ~200 genomic intervals containing CY genes will be obtained and comparatively
annotated and included in the CVCGD.

The database contains a variety of information for each gene relevant to this SEARCH the C(VC6D
project:

* by gene name and abbresiation
* sorted alphabetically
* by categories (groups of diseases)

Gene name;

Gene |0 in the OMIM database (OMIM);

Hurnan map location (HM);

GenBank accession number for human cONA (HC);
Mause map location (MM);

GenBank accession number for mouse cDNA (MC).
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Search Results

Links to whole
genome alignment

Table 1. Cardiovascular genes

Gene Name Abbreviation OMIM HM HC MM M
11-beta-hydrosmstersid dehydrogenase, type I HSD11B1 £00713 | 1p13.1 NI 005525 MM 008288
11-beta-hydrossteraid dehydrogenase, ype I HSD11B2 218030 | 16422 NI 000196 MM 008289
Acetyl-Cols acetyliransferase 1 ACATI 203750 | 11422.3-423.1 | 14000019
Acetyl-Col acetyliransferase 2 ACAT? 100678 69253926 |1 005891[17  |M35797
Adducn 1 ADD1 102680 | 4p16.3 N 001118(5 AF096835
Adducin 2 ADD2 102681 [2p13-p14  |X58199 |6 AF100422
Adenosine A2 receptor ADORA2A 102776 | 2211.23 NI 000575 05672
M{nedﬂl\n ADM 103275 [11p154 N Onli24(7 M 009627
< aooi ) asp
| atdctpere ductase 1 AKRIB1, ALDR1 103880 | 7q35 104794 AF225564
Aldosterone synthase CYP11B2 124080 | 8g21 MM 000498|15 I 009891
Alpha myosin heavy chain MYH6, MYHCA 160710 [ 14q12 NM 000257(14  |M12250
Alpha tropomyosin TPL1, TMSA 191010 [ 15q22.1 NM 0003663 MM 009416
Alpha-1C-adrenergic receptor ADRAIC 104221 | 8p21 NN 000680 AF031431
Angiopoictin- 1 ANGPTL 601667 | 8422 MM 001146[15  |UB3509
o ANGPT2 601922 | 8g21 NN 001147 (8 M 007426
(&Eotensmlconvegé %e/k_mmaseﬂ) ACE, DCP1 106180 | 17423 NI 000789 |11 155333
Angiotensim eceptor ~|acr1 106165 | 3q21-g25 NN 000685

Sequenced in Berkeley PGA

Example of CVCGD interval sequenced in
Berkeley PGA

cation transporter member 4 [SLC22A4, OCTN1) - Netscape
Fie Edt Yiew Go Communicator Help

rﬁJ_QZ_‘ a4 a4 o= = & @ @
CVEGD ssach esults|Reload — Home  Seaich  Melscape  Print  Secuity  Shop St

§ Bookmarks 4 Location [http:#7pgs Ibl gov/ogibin/gel_geneid=234 =] &

Biginformatics,

Solute carrier family 22, organic cation transporter member 4 (SLC22A4, OCTN1)

Category: Atherosclerosis

Gene ID in the OMIM database: 604150

Human map location: 5931

GenBank accession nurber for human cDIA: [ 003053

Mouse map location: 11

+ GenBank accession number for mense cDIA: M 015657

Annotation of the lman sequence

* Human_mouse al Whele sequence | 1-100000 | 100001-200000 | 200001-300000 | 300001-400000 | 400001-500000
500001-600000 | £00001-700000 | 700001-800000 | E00001-200000 | 200001-367695 (bee tuporiant note below) | Printab)
wersion (PDE

List of conserved regions

Note: [fyour browser hangs or crashes on the aligwnent page you can try this link instead.
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Short annotation of the region

Annotation of the VA5q31 region *

948869 bp
—
131/AFHYP_1 LACSZ
GOF-9 SEPZ KIF3A HYP_4 IL-5IRF1 P4HAZ KIAAOB37
et
waor o m em o e i
[ H BN 1 (] | |
o 2 9 2 2 2 2 © 2 2 9 2 © 2 9 9 2 @ 2 o o
2 2 ¢ 8 83 88 88 888 8388888 ¢8¢g8 8 8 8 g
2 88 8 3 288 8 388 88 83 8¢g8%88¢g¢gs g 8¢
2 £ 8 8 228 888 88 &8 282888882888 288 ¢ 82 ¢
g 2 8§ 8 s g 288 g g 88sge s 8 g2ge s 3 g ¢
S 88 2 S 2 LT BEITE I LI EIE2EE B ER
i ]
Il | ] 1 | I | D .| 11
L i LR = =i = I
UNK_1 HYP_2 HYP_3 IL-4 RADSO HYP_SHYP_60CTNZ2 OCTNIRIL GM-CSF
usg = HYP_7 IL-3
—
" Assembly contains a deletion of 18822 bp after the first exon of the RIL gene
Gene Name Tdentity/Similarity
AF5q31/AF4 Tdentical to 6601437 Homo sapiens AF5q31 protein (AF Sq31) (Start not found)
GDF-9 Tdentical to 488526 growth differentiation factor 9 fror Homno sapiens
HYP 1 hypothetical
m Tomtioal o 211502007 RTA LN S ans )

VISTA plot of the

region

Genomic region containing Solute carrier family 22, erganic cation transport

You can view corresponding alignment regions if you click on the picture inside plot frames

er member 4 (SLC22A4, OCTNI)

Prisa A

o T i b1 | :

e g pRh 0 B JE A B T
e sk ™ cors

| . A | I :"

WA o D, (L .

- .

A N 4 MﬂAN M}Mh L P\ ﬂm;m
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multiVISTA plot of the region

Genomic region contaning Apolipoprotein A-IV {AFOAJ)
This plot is not clickable. In order to view alignment regions please go back to the gene page and click g
alignment you are interested in.
e . = i
Tk 3
Regicna: 105 = i iy
: .
LEH humsm’lshhn 1 20
%QE.S?J“ o0 bp - i
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b=t manemur
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Alignmentd L1 I ey Pl 2 55?6
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Regions: 46 T .
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o Hpe
ons e
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i
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[ Ep—— F— s carrRer Fammily 22, 5 = —y—
seoi = mumen
R CACACTS ACACCAC AACACAC AGALS AAS TCTACOS AhhAALS AACES A ALLACSSTOAS
R I TN
PR EnnEc s e TR s T L ha

—eat
——ren
—eat
——ren
C d ions
G ic region Solute carrier family 22, organic cation transporter member 4 (SLC224A4, OCTN1)
Criteria: 75% identity over 100 hp
ER4EREEEREAEERY Conserved Regions — human (mouse] #+Fssdssssrsss
1469 (s80) to 1515 (626) 47hp At B5.1%  exon
2668 (2043) o 2817 (2191} = i53bp  ar  GO0.4%  noncoding
4316 [4531) to 4370 (45851 = 55bp &t 100.0%  exen
4816 (6136) ro 4853 (6173) = ighp ar 97.4%  exon
6717 (7860) to 7634 (87771 = 218hp  at  87.8% exon
10839 (10749) to 10927 (10837) = #0hp at 91.0% exon
11553 (12627) o 11793 (12873) = 247bp  at B1.8% exon
14508 {15706) to 14622 (18823) = 110bp &t  76.5% noncoding
14671 (15886) to 14783 (16003) = ilBbp at  74.6% noncoding
14784  (16004) o 14878 (16088 = 95bp ar B9.5%  exon
15797 (17526) to 15860 (17589) = G4bp at 93.8% exon
15975 (17703) ro 16111 (17838) = 1370y &t 9O0.5%  exon
16365 {18045) to 16436 (18116) = 72bp at  91.7% exon
16437  (18117) to 16535 (18217) = i0lbp at 75.2% noncoding
17554 (18914) to 17647  (19007) 94y at  B7.2%  exon
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Summary

* Berkeley PGA http://pga.lbl.gov

- VISTA family of tools
http://www-gsd.Ibl.gov/vista

* Precomputed whole-genome alignments
http://pipeline.lbl.gov

We'll be happy to work with you on your data
email - ildubchak @Ibl.gov

Publications on whole genome alignments:

I.Dubchak, L. Pachter. (2002) The computational challenges
of applying comparative-based computational methods to
whole genomes. Briefings in Bioinformatics, 3, 18.

Couronne O., Poliakov A., Bray, N., Ishkhanov, T., Ryaboy, D.,
Rubin, E., Pachter L, Dubchak, I. (2002) Strategies and Tools
for Whole Genome Alignments, Genome Res., 2003
Jan;13(1):73-80.

Waterston, et.al., Initial sequencing and comparative analysis
of the mouse genome. Nature. ( 2002) 420:520-62.
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Related sites

The Human Genome Browser & BLAT program
http://genome.ucsc.edu/

ENSEMBLE Project (Sanger Center) http://www.ensembl.org/
AVID alignment program
http://baboon.math.berkeley.edu/~syntenic/avid.html

SLAM comparative gene prediction program
http://bio.math.berkeley.edu/slam/mouse/

PSU group's MHC Human-Mouse comparison results
http://bio.cse.psu.edu/mousegroup/MHC/

PSU Pipmaker program http://bio.cse.psu.edu/pipmaker/

Towards Better VISTASs

Information ﬂ ‘ﬁ
from a Single e
Sequence
Alone

Multi-Organism
High Quality
Sequences
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